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pH Level Study Results 
Objective: Assess effect of pH of formation on strength and ductility of rafts 

Protocol:  

• 5 samples prepared in solutions of varying pH over range of human stomach 

• Oscillatory strain sweep (0.1% to 100%) at 10 rad/s angular frequency 

Summary: ↓ pH of formation » ↑ strength (↑ G’ @ 0% strain), ↓ ductility (↓ γc%) 

 

Aging Study Results 
Objective: Evaluate trends in strength and ductility as raft floats in acid solution 

Protocol:  

• 3 samples made at pH of Sample B and aged in acid solution for 30 min to 2 hr 

• Oscillatory strain sweep (0.1% to 100%) at 10 rad/s angular frequency 

Time post-making Acetic Acid/ Water pH G’ @ 0% strain γc% 

30 minutes 51.12 mL/ 45.65 mL ~1.2 2150 Pa 2.5% 

1 hour 51.12 mL/ 45.65 mL ~1.2 2590 Pa 3.2 % 

2 hours 51.12 mL/ 45.65 mL ~1.2 5130 Pa 3.2% 

Summary: ↑ time post-making » ↑ strength (↑ G’ @ 0% strain) 

 

Conclusions and Implications 
Protocol for in-vitro sample preparation and oscillatory parallel-plate rheometry 

enables quantitative characterization of the mechanical properties of Gaviscon® 

alginate rafts. pH level study results indicate formation of stronger, more brittle 

rafts at lower pH and weaker, more ductile rafts at higher pH. Aging study results 

indicate strengthening of the raft over a time period of 2 hours post-making. 

Higher pH and increased time post-making allow for more cross-links to form, 

resulting in increased strength. The developed protocol can be utilized for data-

driven product design as an improvement to the qualitative or empirical results 

on which product design is often based. 
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 Sample Ratio of Acetic Acid/ Water pH G’ @ 0% strain γc%  

A 55.71 mL/ 40.86 mL ~1.1 579 Pa 2% 

B 51.12 mL/ 45.65 mL ~1.2 328 Pa 4.5% 

C  47.31 mL/ 49.68 mL ~1.3 226 Pa 39% 

D  38.57 mL/ 58.86 mL ~1.4 58 Pa 90% 

E 17.15 mL/ 81.36 mL ~1.7 41.9 Pa 46% 
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• G’ = Elastic Response 

o G” = Viscous Response 

γc% = Critical Yield Strain 

(G’/G” crossover) 

Introduction and Motivation 
Gastroesophageal reflux disease (GERD) is a chronic disease shown in clinical 

studies to affect 20% of the population on a weekly basis with symptoms of 

heartburn and acid reflux1. Heartburn is caused by stomach acid leaking through 

the lower esophageal sphincter (LES) and into the esophagus2. The antacid 

medication Gaviscon® forms an alginate raft in the stomach to create a physical 

barrier that minimizes the symptoms of GERD. The raft is formed when alginate 

chains cross-link with bicarbonate, enabled by stomach acidity. The goal of this 

research is to develop a protocol that more accurately characterizes the 

mechanical properties of these rafts compared to the empirical studies typically 

used for product design. Systematic in-vitro raft formation and parallel-plate 

oscillatory rheometry were used here to evaluate the effects of variation in 

stomach acidity and aging in the formation solution on the alginate raft structure.  

 

In-vivo Gaviscon® formation 
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In-vitro Gaviscon® formation 

 

 

 

 

 

 
 

 

 

In-vitro Sample Preparation 
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Rheometry Overview 
Parallel-plate oscillatory rheometry used to non-destructively characterize the 

structure of the alginate rafts. Parallel plate configuration shown below. 

Oscillatory Strain:  

Perfectly Elastic response aligned 

Perfectly Viscous response 

Increasingly less Elastic response 
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Top plate 

Gaviscon® Sample 

Bottom Plate 

1. Heat acetic acid solution to body 

temperature (37°C) 

2. Add 5 mL of Gaviscon® into beaker 

 

 

  

3. Allow ≥1 minute for the raft to form 

4. Remove the raft for parallel-plate 

oscillatory testing 

The figure to the right demonstrates 

the characteristic elastic and 

viscous response of a material to an 

oscillatory test.  
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Adapted from Reckitt Benckiser, http://www.gaviscon.co.uk/ 
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